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Service mining is a novel and interesting topic for service researches. This research investigates how to discover associated 
services based on the concept of service mining. The goal is to provide clues of marketing campaign among services to 
companies. Two-step mining approach is used to solve the problem of taking into account associated services simultaneously 
among certain domains. The first step is to discover service clusters based on different categories. The second step is to 
explore the associated services among various categories that were furnished by companies. This study attempts to apply our 
approach to services from Las Vegas hotels. The contributions of this research are (1) identifying similar services and (2) 
recommending appropriate associated services. 
Keywords: Service mining, service science, self-organization maps, association rule 
 
INTRODUCTION 
 In the era of digital economy, the importance of services increases dramatically for the past decade. Particularly, 
services contributed to GDP more than 70% in 2010 (Fig. 1). Services are extremely different from goods which have 
particular features such as fixable (e.g., in-time recovery). The topic of service science has been emerged recently; in 
particular, combining the research fields of engineering, management, and science (Maglio et al., 2010). The domain of 
service also has been shifted from traditional service sectors to digital services. For example, Google has most popular and 
useful digital services. In other words, the idea of service science creates new opportunities for service researches. 




Figure 1 Percentage of services to GDP around the world 
(Data Source: World Bank) 
 However, the scope of service science is too broad that takes into account extremely various fields. Since IBM attempts 
to extend service to other fields, a focus stream of service research is needed. Service mining, a branch of service science, is a 
novel and interesting topic for service researches. Service mining is defined as a systematical process including service 
discovery, service experience, service recovery and service retention to discover unique patterns and exceptional values 
within the existing service pool (Chang et al., 2012). Service mining provides a new perspective to discover “features of 
general service” instead of merely focus on “data of service that is generated by specific consumers”. Service mining 
considers both sides (consumers and firms) equally. 
 Today, discovering appropriate services from a large amount of service pool is significant. Service blueprinting 
furnishes a basic tool to clearly address a service roadmap of company (Bintner et al., 2007). Nevertheless, it is difficult to 
take into account associated services simultaneously among certain domains. For instance, hotel, dining, leisure services 
belong to various service domains even for the same parent company. Consumers may have distinct preferences to experience 
different correlated services, such as living in Bellagio, watching Celin Deon concert at Cesar Palace, and eating buffet in M 
Resort in Las Vegas. 
 The appropriateness of correlated services can help firms deal with different perceptions of consumers, increase 
customer satisfaction, and avoid wrong resources allocation. Companies can discover the potential of correlated services to 
expand the existing markets. Significantly, the risk and cost to furnish inappropriate services will be reduced. Hence, this 
research investigates how to discover correlated services based on the concept of service mining. The goal is to provide clues 
of marketing campaign among services to companies. This study applies mining concepts (e.g., clustering and association 
rule) in terms of a two-step approach. The first step is to discover service clusters individually for each category (e.g., hotel, 
dine, entertainment, and outdoor activity). The second step is to explore the correlated services among four categories. The 
domain of this work is the services in Las Vegas. The contributions of this research are (1) grouping similar services and (2) 
discovering appropriate correlated services. 





 The research framework can be divided into two levels (Fig. 1). The first level is clustering method by using 
Self-Organization Maps and the second level is association rules by using Apriori algorithm. Self-Organization Maps (SOM) 
is the approach to discover clusters among data by unsupervised learning. SOM is also popular to apply in many mining 
domains such as music, text, multimedia, and so on. The major advantage of SOM is to visualize the clusters by colors; 
meanwhile, easy comparing and understanding to users. Hence, this research aims to discover service clusters in a category 










Figure 2 Research Methods 
The second level of research framework is association rules. The most popular algorithm of association rule is Apriori. 
Association rules provide an insight to discover the relations or patterns among data. For example, Amazon applies this 
method to recommend books to consumers for many years. This research attempts to discover associated services among 
different categories (e.g., hotel, dining, and leisure). The explored combination of services can be used for further analysis in 
terms of marketing campaign.  
 
Self-Organization Maps 
SOM is a principle that was introduced in early 1981 by Teuvo Kohonen (Kohonen 1990), and is a mechanism that 
automatically organizes high-dimensional statistical data in order to make related inputs show close to each other in a graphic 
representation (map), based on its core principle of competitive learning approach (Lagus et al. 1996). The main task of the 
SOM is to represent the input; said representation is organized in agreement with the inputs found similarities in an 
unsupervised learning process. Next, similar inputs are concentrated together in what is called neighborhoods (Fig. 2). 




Figure 3. Concept of Self-Organization Maps 
SOM has two major functions: training and mapping. The training process can be considered a competitive learning 
process (Fig. 3) similar to neurons in the human brain, capable of learning and processing various tasks. The neurons are 
connected and near neurons deal with similar tasks. The competitive learning process enables near neurons to move close to 
one another through an iterative learning loop, representing an unsupervised learning concept. The output of SOM is 
represented in two dimensional graphs. The process of SOM is shown as follows (Kohonen, 1995; Andreas, 1996). First,   
we assume an input vector  and a weight vector  in which  
and . The first step is the estimation of the length of the vector in terms of normalization.  is the 
normalized  vector and εk is the original vector of a data (Eq. (1)). 
  a n d  G G G G G G   … … … … … … . … … … … … … ( 1 ) 
 In the second step, we utilize the activation function to calculate the distance between input vector and weight vector. 
This research uses the concept of Euclidean distance as activation function (Eq. (2)). 
   … … … … … … … … … . ( 2 ) 
 The third step is to discover the winner among neurons following the competitive learning approach. The neuron with 
the shortest distance between data is considered the winner; in other words, the shortest distance between  and . In 
SOM, the winner is also called the best matching unit (BMU). For instance, G  is the BMU in Eq. (3). 
G ： … … … … … . … … … ( 3 ) 
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 The fourth step is to adjust the distance between the BMU and near neurons. In Eq. (4),  is the neighborhood 
function, which is also a decreasing function. The purpose of the decreasing function is to ensure that the distance between 
BMU and near neuron is closer. That is,  allows BMU  and near neuron  to adjust the distance.  
…………………………......…..(4) 
 In Eq. (5), G(t) indicates the learning rate, thereby ensuring that the learning process is terminated within a limited time 
period. In addition, this research utilizes the most popular Gaussian function. The learning process enables near neurons to 
move closer and generates data clusters of high homogeneity (Figure 4). Existing research also applied clustering method in 
the domain of hotel management (Murphy et al., 2007). 
… … … … … … … … … … … … … … … … … … … … … ( 5 ) 
 
Figure 4 Concept of Best Matching Unit in learning process 
 
Association Rule 
 Association rule is a learning approach to discover interesting relations in large databases. Agrawal and Srikant (1993) 
introduced the algorithm by applying it in supermarket domain. For example, {onions, potatoes} -> {hamburger meats} was 
discovered which indicates people bought onions and potatoes together also bought hamburger meats. Such information can 
be used for decisions of marketing activities such as promotional pricing and product placements. In particular, association 
rule mining approach does not consider the order of items (i.e, no sequence). 
 In the definition of association rule, two indicators are used to interpret the outcome of analysis. The first indicator is 
support and defined as the proportion of transactions in the data set. Eq. (6) shows the concept of support. Support (A⇒B) 
means the percentage that A and B occurred together. For example, Support (milk=>bread) = 0.2 stands for the chance for 
mile and bread to be bought together is 20%. 
Support (A⇒B) = P(A∪B)……………..……………………………...…...………………………(6) 
Confidence ( A⇒B) = P(B|A)…………………………….…………………...……………………(7) 
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 The second indicator is confidence and defined as support for occurrences of transactions where A and B both appear 
(Eq. (7)). The concept of confidence is similar to the idea of conditional probability. For example, Confidence (milk=>bread) 
= 0.5 means 50% of the transactions containing the rule of milk and bread together is correct. Confidence is also considered 
as the threshold of filtering rules.  
 
AN EXEMPLAR OF LAS VEGAS COMPLEX ENTERTAINMENT SERVICES 
 This research uses the domain of entertainment services in Las Vegas to examine the proposed research methods. We 
separate the services into core service and additional service (Fig. 5). Core service indicates the major services of companies. 
Additional service is the associated service that is related to core service. Consequently, Las Vegas complex entertainment 
services can be divided into four categories which enfold one core service and three additional services (Table 1). The core 
service is entertainment service and additional services are hotel, dine, and outdoor activity. In the category of entertainment, 
services include show, concert, gym, movie, magic, casino, spa, night club, and theater. In the category of hotel, services 
include casino and hotel, hotel, motel, camping, and hostel. Dine services enfold famous restaurant, scenic restaurant, themed 
restaurant, pubs and bars, and fast food restaurant. Outdoor activity includes site seeing service, shopping service, water park 
service, and golf. 
 
Figure 5 Two major service Categories 
  
Table 1 Category of Las Vegas Complex Entertainment Services 
Las Vegas Complex Entertainment Services 
Core Service Additional Service 








 Night Club  
 Theater  




 Camping  
 Hostel  
 Famous Restaurant 
 Scenic Restaurant  
 Themed Restaurant 
 Pubs and Bars  
 Fast food Restaurant 
 Site seeing 
 Shopping 
 Water Park  
 Golf 
 This research conducts the experiment in two parts. The first part is SOM clustering and the second part is association 
rule pruning. In the first part, we collect data based on the website http://www.visitlasvegas.com and the classification in 
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Table 1. For each item of a category, we collect 6 samples; for example, 6 different shows for the item of “show” in the 
category of entertainment. Additionally, this study rates each item based on six attributes which are tangibles, reliability, 
responsiveness, assurance, empathy, and closeness. The first five attributes are adopted from PZB model (Parasurman et al., 
1984) and this research adds closeness to extend the concept of globalization and usability (Table 2). The scores were 
collected from Tripadvisor and Expedia in public. Due to the limitation of public information, the category of entertainment 
only can use five attributes for rating. The range of score is between 1 and 5. 
Table 2 Summary of service attributes 
Tangibles Visible equipments and employees 
Reliability Consistency, standard, repeatable, storable, synchronization 
Responsiveness Repairable, Customization, Real-time responses 
Assurance Specialization, Security 
Empathy Attitude, Communication, Understanding 
Closeness Globalization, Usability 
 The clustering result of category for hotel shows 5 hi-end hotels, 8 medium-level hotels, and 9 low-end hotels. In the 
category of dine, there are 13 high-end restaurants, 6 medium-level restaurants, and 10 low-end restaurants. In the category of 
entertainment, there are 14 high-end entertainments, 7 medium-level entertainments, and 11 low-end entertainments. In the 
category of outdoor activities, there are 8 high-end activities, 4 medium-level activities, and 7 low-end activities. Based on 
the results fro, Fig. 6 to Fig. 8, SOM majorly separated data into three clusters. The goal of SOM is to discover similar items 
for each category. For example, Ballagio and Cesar Palace are both high-end hotels in the category of hotel. Next, the 
associated services can be identified based on discovered clusters such as Celion Deon concert (entertainment service) can be 
associated with Ballagio (hotel), M Resort buffet (dine service), and shopping (outdoor activity service). 




Figure 6 SOM clustering for Hotels 
 
Figure 7 SOM clustering for Dine 
 
Figure 8 SOM clustering for Entertainment 
 
Figure 9 SOM clustering for Outdoor Activities 
 
 The second part is to use association rule to discover correlated services. The data was collected from travel agencies 
and most popular trips from backpackers. Hence, the samples also come from www.backpackers.com.tw/forum. This 
research aims to analyze the possible combination of four categories to form a trip and if different level of services (high-end, 
medium, low-end) in a category will be correlated. For example, a low-end outdoor activity is correlated to a high-end hotel. 
The result of association rule is shown as follows: 
1. Stratosphere Hotel (medium-level) → Grand Canyon National Park (high-end)→ Bellagio Fountain Show (high-end)
→Premium Outlet (high-end)→ night club (high-end) 
2. Planet Hollywood Resort&Casino (low-end)→Grand Canyon National Park (high-end)→Hoover Dam (high-end) 
3. Venetian Resort (high-end)→Grand Canyon National Park (high-end)→Premium Outlet (high-end) 
This research identifies three combinations of correlated services. The results reveal Grand Canyon and Hoover Dam 
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are most popular outdoor activities in Las Vegas. Premium outlet is the most popular place for shopping. In particular, the 
hotels are not the high-end ones. Stratosphere and Planet Hollywood hotels are merely the medium-level and low-end ones. 
That is, service providers may try to leverage different level of services and no need to combine all high-end services from all 
categories. Our result helps companies to reconsider the marketing campaigns based on our two-step analysis. 
 
CONCLUDING REMARKS 
 Service mining is an emergent and significant research topic and derived from the concept of service science and data 
mining. This research aims to provide appropriate correlated services by using mining approaches. Two methods are applied: 
SOM clustering and association rule. The purpose of clustering method is to discover similar services in same category. The 
purpose of association rule is to discover relations among services from different categories. The proposed method is based 
on company viewpoint instead of customer viewpoint which may furnish different perspective to look into service researches. 
This research applies Las Vegas entertainment services as the example to illustrate our concept. The results reveal different 
level of combination for correlated services is possible. For instance, medium-level hotel (Stratosphere) is correlated to 
high-end outdoor activities (Grand Canyon and Hoover Dam). The result also helps companies to reconsider the new 
campaign for new market by combining services in different categories. The exemplar shows the feasibility of the proposed 
concept. On the other hand, collecting more data for each category may increase the validity of the results. 
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